The physicochemical qualities of the effluent samples of three municipal sewage treatment plants in the Eastern Cape of South Africa were evaluated from September 2015 to February 2016 using standard methods. The physicochemical parameters assessed include pH, temperature, total dissolved solid (TDS), turbidity, chemical oxygen demand (COD), alkalinity, dissolved oxygen (DO), free chlorine, chloride, sulphate, phosphate, ammonium, and electrical conductivity (EC). The results of the evaluation were as follows: temperature (19-36ºC), EC (60-1,095 mS/m), alkalinity (2.6-20.9 mg/L), nitrate (0.24-26.5 mg/L), nitrite (0.01-90 mg/L), phosphate (0.02-5.12 mg/L), ammonium (0.06-112 mg/L), sulphate (3-72 mg/L), chloride (3.25-224 mg/L), COD (17-394 mg/L), and turbidity (1.96-715 NTU). Free chlorine concentrations and DO were within the recommended limits for most of the sampling period and ranged between 0.17-0.48 mg/L and 0.19-21.9 mg/L, respectively. Also, the pH, phosphate, sulphate, and free chlorine concentrations were within acceptable limits, while EC, temperature, TDS, turbidity, COD, chloride, ammonium, nitrate, and nitrite did not conform to recommended limits. We conclude that these municipal sewage plants are sources of pollution to their respective receiving watersheds and threats to public and environmental health.
Introduction
Municipal wastewater treatment plants often discharge their treated effluents back to the environment, most especially surface water environments. Untreated or inadequately treated municipal sewage discharges may contain public health compromising pathogens and hazardous elements (e.g., heavy metals) as well as chemical substances that could lead to hostile environmental effects such as alterations of aquatic organism behaviours and structure, reduction in diversity of life on earth, diminishing the quality of recreational waters and shellfish harvesting zones, and polluting of water meant for consumption [1] [2] . Apart from the adverse effect on the environment, the different levels of chemical and microbiological constituents in discharged wastewater effluent bring additional pressure to bear on the already stressed freshwater resources in many developing countries [3] [4] .
It has been reported that the use of freshwater polluted by industrial and municipal effluents for irrigation has negative effects on agricultural produce due to changes in the physicochemical properties of the watershed [5] . The toxic chemicals may destroy the aquatic organisms, which in turn may result in the disruption of the food chain and aquatic ecosystem [6] . Good quality surface water relies on various factors including its physicochemical characteristics as well as the magnitude of the pollution load. The physicochemical characteristics of the water can reveal particular conditions for the ecology of aquatic organisms and suggest suitable conservation and management strategies [7] [8] .
The main purpose of municipal treatment plants is to remove/reduce organic wastes in order to avoid a decrease in dissolved oxygen in the receiving watershed, eliminate pollutants in order to avoid excessive richness of nutrients, and safeguard human health by deactivating microorganisms capable of causing disease [9] [10] . Some of the major treatment technologies used in treating wastewater effluents include the activated sludge system, bio-filters, oxidation ponds, and membrane filtration, among others. The selection of the appropriate treatment process is determined by wastewater characteristics, plus environmental and economic considerations [11] [12] [13] . Indiscriminate discharge of untreated or poorly treated domestic and industrial wastewater effluents are major contributors to surface water pollution with its attendant problems such as increased biochemical oxygen demand (BOD) and nutrient loading, which in turn may have adverse effects on public health and environmental conservation [14] [15] .
In many developing countries such as South Africa, the past few years have witnessed a drastic increase in the volumes of municipal wastewater discharged into the environment, mainly due to the continuous increase in human population and urbanization. This comes along with the attendant challenges that include environmental pollution, threats to public health, and increased reliance on rapidly diminishing water resources [3] . In this paper, we report on the physicochemical properties of the wastewater effluents of three typical sewage works in some communities in the Eastern Cape Province of South Africa, and their compliance with recommended limits for the protection of human and environmental health.
Materials and Methods

Study Area Description
The three sewage treatment works selected for this study are located in the Eastern Cape Province. The plants are identified by the codes WWTP-A (Alice wastewater treatment plant), located within the geographical coordinates 32°47'55''S, 26°50'95''E; WWTP-B (Berlin wastewater treatment works), located within coordinates 32°50'70''S, 27°37'04''E; and WWTP-C (Bedford wastewater treatment works), located within the coordinates 32°41'15''S, 26°06'29''E. WWTP-A uses activated sludge technology, while WWTP-B and WWTP-C use bio-filter and oxidation pond technologies, respectively.
Water Sample Collection
Water samples were collected from four different points at each study site, including influent, effluent, 500 m upper stream, and 500 m downstream from the discharge points. From each sampling point, water samples were collected in polyethene bottles prewashed with nitric acid and rinsed thoroughly with distilled water. The samples were then transported on ice to the Applied and Environmental Microbiology Research Group (AEMREG) Laboratory at the University of Fort Hare, Alice, South Africa for analysis. All samples were kept refrigerated at 4ºC and processed within 24 hours of collection. Sampling was done monthly for a period of six months from September 2015 to February 2016.
Physicochemical Analyses
All equipment and meters for the on-site measurements were calibrated and checked according to the manufacturer's instruction. Temperature (T), pH, electrical conductivity (EC), total dissolved solids (TDS), and dissolved oxygen (DO) were measured using a Hanna multi-parameter probe HI 9828, while turbidity (TUR) was measured using a microprocessor turbidimeter (HACH Company, model 2100P). Chemical oxygen demand (COD) samples were digested in a thermo reactor Model TR 300 (Merck Pty Ltd.) and measured using a spectroquant Pharo 100 instrument [16] . The concentration levels of nitrate, nitrite, phosphate, sulphate, chloride, and ammonium (Merck Pty Ltd.) were analyzed using the spectroquant Pharo 100 [17] , while Alkalinity of the water samples was determined through titration. The free chlorine was quantified using the DPD method [18] . Physicochemical Properties of Wastewater...
Calculation of Efficiency of Wastewater
Treatment [19] Removal efficiency % = × 100
…where Ci is concentration of waste matter in influent and Ce concentration of waste matter in effluent.
Statistical Treatment of Data
The data obtained were analyzed using descriptive statistical analysis at a 95% confidence interval. SPSS was used for the one-way analysis of variance (IBM SPSS version 20), mean, and range. t-Test was used to test variations among all possible pairs of treatments. Correlation was performed using the Pearson procedure of SPSS.
Results and Discussion
The results of the physicochemical qualities of the wastewater samples are presented in Table 1 . The temperature profile generally varies significantly (P<0.05) and ranged between 19 and 36ºC at all sampling points. The lowest and the highest temperatures were both recorded at WWTP-C. The temperature complied with set limits for discharged effluent for most of the sampling period except in January, when 36ºC was recorded due to the prevailing atmospheric conditions. This may also be due to the prolonged holding of the effluents in oxidation ponds at WWTP-C. High temperature may produce softening of bituminous joints and increase odour as a result of anaerobic reaction, and can be deteropans to the pipe material itself [20] , the temperature of the effluents may pose a threat to the aqua-based organisms, which is not in conformity with the report of [21] , but was similar to the reports of [20] .
The pH values as observed in this study fell within the guideline limit for discharged effluents into a receiving waterbody, although there were variations at all the treatment plants in January and February, which may be due to increases in temperature during the summer season. The pH of the water is known to affect the availability of micronutrients as well as trace and heavy metals. The pH level of water defines its utility for a different purpose. It has been established that pH is a vital characteristic in assessing the acid-base level of water. Low or high pH has a toxic effect on aquatic life and alters the solubility of other chemical pollutants as well other important elements in surface water. This may lead to adverse effects on those that depend on it for various uses and also the ecosystem. The South African recommended limit for pH in water for domestic use is 6 to 9 [22] .
The profile of EC observed at all sites varied from 60 to 1,095 mS/m and differs significantly (P<0.05) with the highest and lowest values obtained at WWTP-A downstream and WWTP-B downstream, respectively. EC values higher than the recommended limit of 450 mS/m were observed downstream from the WWTP-B watershed throughout the sampling period. This suggests that there could be other unidentified contaminants gaining access to the watershed. EC is mainly attributed to the dissolved ions from the decomposed plant matter. The EC of the surface water is a valuable indicator of salinity with total salt content. An increase in EC values points to the high amount of dissolved inorganic substances in ionized form. A high level of chlorine concentration also contributed to the increase in EC [23] . The value reported from this study is in line with the report of Singh et al. [20] and Ewemoje and Ihuoma [24] . Also, the highest TDS concentration (701 mg/L) was obtained in WWTP-B downstream samples, which may suggest that there could be external pollution of the watershed by industrial effluents located in the vicinity of the river.
The TDS values at all sampling points generally vary significantly (P<0.05) and were between 60-701 mg/L. A high concentration of TDS could be lethal to aquatic organisms, leading to osmotic shock thereby, affecting the osmoregulatory strength of the organism [25] . The concentrations of TDS in irrigation water hinder plant growth, crop yield, and quality of product [26] . The TDS values obtained in this study are similar to those reported previously by [27] .
The DO in WWTP-A treatment plant effluent fell within recommended limits [22] in September, October, December, and February, and were low in November and January, while at WWTP-B, the DO was in agreement with the South African guidelines for effluents and downstream except for December in the final effluent. The DO at WWTP-C was low in January and February in the final effluent, but was within the limit in September 6.52 mg/L and October 8.06 mg/L, while high DO concentrations were detected in November and December in the effluents. DO is used to determine the level of pollution by organic matter and the demolition of organic substance, as well as the self-purification strength of water bodies. DO is a guide of physical and biological process in water. The acceptable standard for drink purposes is 6 mg/L and for aquatic organisms is 4-5 mg/L. DO in concentration in unpolluted water normally ranges from 8-10 mg/L [18] . Low DO in water disturbs the existence of fish by increasing their susceptibility to disease, migration, and reproductive behaviour, hindering swimming capacity, fluctuating feed, and leading to death of aquatic life [28] . Inorganic compounds such as ammonia nitrites, hydrogen sulphates, and Ferro ions also have a tendency to decrease the oxygen in water.
Biochemical oxygen demand is described as the amount of oxygen required to break down organic substances in water while COD is the amount of strong oxidant required to break down both organic and inorganic matters [29] . The BOD profiles throughout the sampling period generally ranged from 3.7-14 mg/L, while the COD ranged from 17-394 mg/L. BOD in the aquatic system is caused by high levels of organic matters such as leaves and dead plants, animals, industrial effluents, wastewater treatment plants, food processing plants, woody debris, animal manure, and urban storm water runoff. High levels of BOD can be traced to heavy discharge of industrial effluents, domestic sewage, crops, and animal waste [40] . Effluents at WWTP-B and WWTP-C did not comply with the set limits 75 mg/L for COD in most of the sampling months. This may be attributed to the locations of some industries close to the treatment facilities. High levels of COD in water may point to poor water standards caused by municipal or farmed effluent discharges [30] , which may in turn result in higher oxygen depletion that affects aquatic organisms [31] . The observation from this study agrees with Salem et al. [32] for COD and BOD at the receiving watershed. Generally, the nitrate values obtained ranged 0.24-26.5 mg/L at the three sampling sites. The values obtained for effluents in WWTP-A and WWTP-B fell within the recommended guidelines of 15 mg/L [24, 33] over the sampling period, while values that exceeded the limit were recorded at WWTP-C. Nitrate has been identified as capable of inducing eutrophication even at low concentrations (<1 mg/L) [34] [35] , which affect aquatic organisms, decrease biodiversity, and cause unpleasant smells, thus rendering the water unfit for recreational uses [36] [37] [38] . The nitrite profile level ranged between 0.01-90 mg/L and differs significantly (P<0.05) at the three treatment plants. High nitrite concentrations Key: NA = Not Applicable; T = temperature; Tur = turbidity; ALK = Alkalinity; -= 0%, *= effluents higher than influents, t-Test, Significant at P>0.05, range of the mean value, % red = percentage reduction, of 0.2-17 mg/L and 0.78-32.4 mg/L were recorded at WWTP-A and WWTP-C treatment plants, respectively, and this may pose a serious danger to the reliability of aquatic organisms. A high concentration of nitrite has also been found to give rise to methaemoglobinenia [39] [40] . Phosphate levels observed within the sampling months of the research ranged 0.02-5.12 mg/L at the three wastewater plants and were within the recommended guidelines of 10 mg/L in all the points of collection. Phosphate generally is a limiting factor in aquatic environments and leads to various undesirable ecological challenges in the water system [41] [42] . High levels of phosphate and nitrates enhance the growth of vegetation in water bodies and increase oxygen demand [18] .
The turbidity values obtained at the three treatment facilities were within 1.96-715 mg/L. Although there are no set limits for turbidity in discharged effluent in South Africa, most of the samples grossly exceeded the set standard of 0 to 1 NTU for drinking water as stipulated by DWAF. This disqualifies both the receiving water and the discharged effluent for domestic use [43] . Studies have shown that too much turbidity in water can lead to interference with some treatment steps at some stages, such as coagulation and separation solids of the water treatment techniques, which may increase treatment cost, and when extremely turbid water is chlorinated, there is a possibility for a rise in trihalomethane (THM) precursor formation [18] .
The sulphate concentrations at the three plants complied with the DWAF guideline of 200 mg/L and ranged between 3 and 72 mg/L throughout the study period. However, values higher than the limits were observed in final effluents from the WWTP-C treatment plant in October and November. Small levels of sulphate in human beings cause a temporary laxative effect. And ingestion of water containing a high level of sulphate may be linked with diarrhoea and other gastrointestinal disorders. [44] suggests that a high value of sulphate is due to detergents and soaps by residents. Also, chloride concentrations ranged from 3.25 to 224 mg/L over the study period. The higher level obtained in the effluents was due to the poor efficacy of the treatment plant with regards to chloride, and could be due to the industries located in the areas. WWTP-A and WWTP-C fell within the DWAF limit of 100 mg/L for domestic use in all months. Chloride concentration is affected by treatment due to Sodium chloride, a common component of humans and diet, which passes unchanged through the digestive system in wastewater. At concentrations above 250 mg/L, water will begin to taste salty and will become objectionable as the level rises more and may render freshwater unsuitable for agricultural irrigation [29] .
The free chlorine concentration in the effluent followed a pattern similar to that of chloride at WWTP-A and WWTP-B treatment plants, which fell within the [33] guidelines of 0.17 mg /L to 0.25 mg /L.
Ammonium concentrations vary 0.06-112 mg/L and differ significantly (P<0.05) at the three treatment facilities. Discharged effluents at WWTP-A and WWTP-C treatment plants did not comply with the set limits and could cause pollution in the receiving watersheds in terms of ammonium. WWTP-B wastewater plant samples were within the DWAF recommended limit of 3.0 mg/L during the sampling months. High levels of ammonium in water could be either due to sewage or industrial waste and fertilizer runoff [45] .
The alkalinity profile ranged 2.6-20.9 mg/L at the three study sites. Low alkalinity levels were observed downstream from the WWTP-A treatment plant compared to the upstream, while alkalinity was generally high in the WWTP-B-treated effluents, which may be linked to the industrial effluents discharged at the plant. WWTP-C effluents were also higher in alkalinity than the influents, which may be due to long periods of holding the effluents in oxidation ponds, causing an increase in the alkaline nature of the effluents as a result of anaerobic decomposition.
There was no significant correlation between EC and TDS and other parameters (P<0.05) at the WWTP-A treatment plants. There was a significant positive correlation between DO, ALK, PO 4 .05) showed a negative significant (P<0.05) correlation, several positive and negative significant correlations were also obtained between the parameter at (P<0.01) in WWTP-A, WWTP-C, and WWTP-B, and the data obtained in this study also suggested significant (P<0.05) correlation between DO and other parameters that can lead to poor reduction efficiency of the municipal sewage facilities and also increase energy consumption. The percentage reductions of the selected physicochemical parameters at the three treatment plants generally ranged 0.13-92.9% at the three sites (Fig. 1) . The parameters with the highest percentages of reduction at Alice treatment plant were TUR and NO 2 , with more than 75% reduction, and SO 4 with 55.4%, while the other parameters were below 40%. The Berlin treatment plant showed better efficiency in terms of pollutant reduction -more than the other two plants, having NO 2 , NH 4 , and TUR with reduction above 75%. Also at this plant, the percentage reduction of SO 4 , PO 4 , and NO 3 ranged between 48 and 62%, while the reductions of remaining parameters were below 30%. The Bedford plant with Oxidation pond technology was poor compared to the Alice and Berlin treatment plants, with only TUR above 75%, while NO 2 and SO 4 had 52% and 47.8% reductions, respectively. Other parameters measured at this plant were below 20% in terms of reduction rates.
Conclusions
Challenges confronting the water and sanitation sector in South Africa appear to remain. The current study assessed the water quality of influent and effluent as well as the upstream and downstream areas of three treatment works. The results showed compliance of effluent quality for a few parameters (e.g., pH and phosphate) while others such as turbidity, electrical conductivity, nitrate, biochemical oxygen demand, and total dissolved solids among others did not comply with set limits for most of the sampling period. This study revealed a general deterioration in the physicochemical qualities of the discharged wastewater effluents as well as the receiving watershed, and suggests the inefficiency of the treatment works at producing effluents of acceptable quality together with its attendant environmental health challenges. The findings underscore the need for continuous pollution monitoring and intervention strategies to curb indiscriminate pollution of environments by the continuous release of inadequately treated effluents in South Africa and many other developing countries in order to forestall public health concerns associated with environmental pollution.
